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Motivation

"~ p+p min bias distributions
Energy dependence of basic cross sections
Explore Data trends
Comparison data for Heavy lon experiments

 PYTHIA — Is often used as underlying

description for HI event generators. Is this
reasonable?

* pQCD — also basis for transverse spin
modeling? Is it valid at high y (xg)
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Rapidity Densities

EXxtrapolate to unmeasured
region using fct form.

Uncertainties are fairly large
for pions

<pt> yield coverage.

— Lowest pt 300-400 MeV/c

— P 60-80%

— Pi 40-60%
Overall normalization error is ~15%
from Vernier scan and simulations

These are not correlated between the
two energies
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62.4 GeV

pp 62.4 GeV

[(GeV/c)?]
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These are for tune perugiO (320).Agreement for pions and kaons is satisfactory, but not for
protons.
Default tune and Tune A that described CDF-RHIC at y~0 well give similar description
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200 GeV

y=3.55
pp 200 GeV

dN_Gevic)?
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Comparison to PYTHIA 6.421 calculations. Many tunes, here shown Perugia
0) gives reasonable description of pions and kaons at y~0 and high y.
P and p-bar is a different matter.

Some tunes exhibit too hard spectra (321,322) as well a bad flavor
seperation (pi+,pi- and K+,K- (too much)) at high rapidity particular.
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do/dxg (mb)

t-proton Distributions

a' Kaon distribution exhibits longitudinal scaling. So do net-
protons. There is no sign of additional baryon stopping from 17

to 200 GeV

The Pythia model fails badly in describing net-p dN/dy.
Data close to dn/dx~c. Other e.g. models HIJING ok for this.

A Basile et al. (ISR)

® Aguilar-Benitez et al. (400 GeV/e)
O Brenner et al. (175 GeV/c)
® Brenner et al. (100 GeV/e)

(do/dx,) (mb)

O Aguilar-Benitez et al. (400 GeV/c)

P—PX

dN
dy Net proton

O NA49\'s = 17.2 GeV
® BRAHMS\/s = 200 GeV
= BRAHMS\/s = 62.4 GeV
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* Early BRAHMS measurements 200 GeV
were published, comparing to mKKP. Since
then data used for tuning DSS fragmentation

functions (deFlorian, Sassot and Stratmann,
PRD75,114010 (2007))

Following slides compares to recent
calculations by Werner Vogelsang for both

200 and 62.4 GeV
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PQCD 200 GeV

r'ly BRAHMS measurements 200 GeV were published, comparing to mKKP. Since then data
“used for tuning DSS fragmentation functions (deFlorian, Sassot and Stratmann, PRD75,114010
(2007))

NLO calculations by Werner Vogelsang

y=3.4
pp 200 GeV
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d’N

2z N,, p_dp_dy

1

=

RAHMS preliminary

2

P T S S W R S S N S T S N N T S N B U N

2 0

2
P, [GeV/c]

\BRAHMS

¢




p*+p 62 GeV

pC%CD can describe magnitude at
orward rapidities af lower
energies

vt reasonable well described in
magnitude

n ~ nt* In disagreements with data.

pp — nX 62.4 GeV

T

(anT)'1d2d0/dy dp_[mb GeV2c?]

The 62.4 GeV, magnitude of pion and
Kaon production for the favored (xt*,
and K+) also seems ok. The expected
difference due to valence quark
dominance i.e. difference between n
* 7= and K+/K- is not observed.
Failure in description of Dp(Z) at
large z for DSS

P, [GeV/c]
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“Take away message

_arge systematic data set is now available.

et proton rapidity distribution exhibits longitudinal

- scaling. Comparison from sqrt(s) 17 to 200 shows NO
apparent new physics. Similar observations has come
from ALICE using pbar/p ratios from ISR to LHC energies

In pp.
Comparisons to PYTHIA shows that min bias/ UE is not
well described for most current tunes.

NLO pQCD works for large rapidity range at 200 GeV,
while flavor separation at lower energy fails in DSS
fragmentation function.

These studies are nearing completion and will be ready for
publication soon.
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Collaboration
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do/dxg (mb)

Scaling in pp

peollision at lower energies exhibits a feature where dN/
(=c with an integral of ~0.6-0.7

This implies for constant <m.> vs. rapidity that dN/dy~ exp(-y)

| The present data confirms this behavior at 200 GeV

A Basile et al. (ISR)

® Aguilar-Benitez et al. (400 GeV/e)
O Brenner et al. (175 GeV/c)
® Brenner et al. (100 GeV/e)

BRAHMS\s = 200 GeV BRAHMS Preliminary
" BRAHMS\s = 62.4 GeV

4 NA49\/s =17.2 GeV
—_— * (y-ybeam)
A¥e

(do/dx,) (mb)

O Aguilar-Benitez et al. (400 GeV/c)
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Pythia dN/dy comp.
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Peter Skands Pythia Tunes

* 117: A-CR-Pro: Tune A-CR with LEP tune from Professor. [Oct 2008]
« 118: D6-Pro: Tune D6 with LEP tune from Professor, [Oct 2008]

Peter's Pythia Plots

February 2009 @ P. Z. Skands « 129: Pro-Q20: Tune of the Q2-ordered showers and old UE framework made with

Professor, an automated tuning tool. [Feb 2009]

Navigate these pages by using the menu to the left. More plots will be added, as new tunes
become available, and as the available data increases. The default for each topic is a
comparison of a small number of tunes to available data (or just to each other if no data exists),
but look for links at the top of each page for comparisons with more models

Tunes intermediate between Q2- and pT-ordered models
« 201: A-PT: Retune of Tune A with pT-ordered final-state showers. [Mar 2007]
« 211: A-PT-Pro: Tune A-PT with LEP tune from Professor. [Oct 2008]
« 221: Perugia A-PT: "Perugia” update of A-PT-Pro. [Feb 2009]

Apr 2009: Full descriptions and parameters of the "Perugia” tunes (submitted to the Perugia
MPI workshop proceedings)
Dec 2007: Some interesting min-bias distributions for early LHC runs (submitted to the 2007 Les

Houches workshop proceedings) « 226: Perugia A6-PT: "Perugia” update of A-PT-Pro, using CTEQ6L1 PDFs, [Feb 2009]

Tunes using pT-ordered model

« 300: SO: First Sandhoff-Skands Tune of the "new" UE and shower framework, with a
smoother matter profile than Tune A, 2 GeV of primordial kT, and "colour annealing" color
reconnections. Uses the default Pythia energy scaling rather than that of Tune A, [Apr
2006]

The tunes currently available on the plots are (numbered as in PYTUNE):
» 100: A: Rick Field's Tune A to Tevatron Underlying-Event Data. Uses the "old" UE and

shower models, with a double-gaussian matter profile, 1 GeV of primordial kT, and
near-maximal color correlations. [Oct 2002]

« 303: SOA: A variant of SO which is identical to SO at the Tevatron, but which uses the Tune
A energy scaling of the UE activity. [Apr 2006)

103: DW: Rick Field's Tune DW to Tevatron Underlying-Event and Drell-Yan Data. Similar
to Tune A, but has 2 GeV of primordial kT and uses a very small renormalization scale for
initial-state radiation (i.e., more ISR radiation). It also has completely maximal color
gorrelations, TApr 20061

« 304: NOCR: Sandhoff-Skands "best try" without color reconnections. Gives less good
agreement with Tevatron data. [Apr 2006]

* 306: ATLAS-CSC: first ATLAS tune of the pT-ordered showers and new UE framework.
Does not give very good agreement with Tevatron min-bias quantities

104: DWT: Variant of DW using the Pythia 6.2 default collider energy scaling (has worse
agreement with Tevatron energy scaling quantities than DW). [Apr 2008]

106: ATLAS-DC2 ("Rome"): first ATLAS tune of the Q2-ordered showers and old UE
framework. Does not give very good agreement with Tevatron min-bias quantities.

« 313: S0A-Pro: A variant of SOA revamped with a comprehensive retune of the
fragmentation parameters to LEP data (by the "Professor” tool, hence the name). [Oct
2008]

» 314: NOCR-Pro: NOCR with LEP tune from Professor. [Oct 2008]

107: A-CR; variant of Tune A using the Pythia 6.2 default color connections but with the
new "color annealing” color reconnection model applied as an afterburner. Is intended as
an example of strong color reconnections. [Mar 2007]

108: D6: Rick Field's Tune D6 to Tevatron data, using CTEQ6L1 PDFs.
110: A-Pro: Tune A with LEP tune from Professor. [Oct 2008]

« 320: Perugia 0: "Perugia" update of S0-Pro. [Feb 2009]

» 321: Perugia HARD: Systematically "hard" variant of Perugia 0. [Feb 2009]
« 322: Perugia SOFT: Systematically "soft" variant of Perugia 0. [Feb 2009]

113: DW-Pro: Tune DW with LEP tune from Professor. [Oct 2008] » 323: Perugia 3: Variant of Perugia 0 with different ISR/MPI balance and different collider

energy scaling. [Feb 2009)
« 324: Perugia NOCR: "Perugia" update of NOCR-Pro. [Feb 2009]

114: DWT-Pro: Tune DWT with LEP tune from Professor. [Oct 2008]
116: ATLAS-DC2-Pro: ATLAS-DC2 with LEP tune from Professor. [Oct 2008]

« 325: Perugia X: Variant of Perugia 0 using MRST LO* PDFs. [Feb 2009

« 326: Perugia 6: Variant of Perugia 0 using CTEQ6L1 PDFs. [Feb 2009)]

—
* 329 Pro-pTO: Tune of the pT-ordered showers and new UE framework made with
Professor, an automated tuning tool. [Feb 2009]
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2ntional Spectrometers
mall solid angle, moveable
* High resolution momentum determination

» Excellent PID using TOF and RICH

BRAHMS at RHIC completed in 2006
| Heavy Ton Au+Au,Cu+Cu,d+Au, p+p 200, 62.4 GeV
Transverse spin physics p+p 62.4 200 GeV

BRAHMS Experimental Setup Pe———

Mid Rapidity Spectrometer MUliplicily snye

Beam-Beam Counters
& Zero Degree Calorimeters

Time Projection Chamber
Drift Chamber
Cherenkov Detector

P, (GeVic)

S H2 picy

/. ) 7
Forward Spectrometer (FS) \\\! Q/ff =
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Event Characterizations pp:
1elastic and NSD events

ounter (3.25<|n|<5.25)
- /

OFrWaic

Pectrometer

Inelastic trigger requires a vertex reconstructed by “CC”
counters (Cherenkov radiators) .CC events are a subset of
NSD event class.

Normalization done via Vernier scan
Ocec = 27 mb (200 GeV), 13 mb (62.4) GeV

Spectrometer Events were triggered, and do not require CC
coincidence.

Ratio of events with and w/o CC is determined at both energies.
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' Global fits to data
ncluding BRAHMS large rapidity data
Brahms data: PRL 98, 252001 (2007)

DSS, PRD 75, 114010 (2007)

gd 0 [mb/c.Lv 1
dp

+ BRAHMS data
n=295

dp

n=2.95

16X 5 :
EYS_ [mb/GeV]

+ BRAHMS data

T T T T T
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Recently deFlorian, Sassot and Stratman performed a global fit including new data from Brahms

at high rapidity. PRD 75, 114010 (2007)

Charged separated fragmentation functions
Fragmentation functions significantly constrained compared to previous “?gate of (I

when adding RHIC data into fits.
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SOmMparisons
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Peter Skands Pythia Tunes

* 117: A-CR-Pro: Tune A-CR with LEP tune from Professor. [Oct 2008]
« 118: D6-Pro: Tune D6 with LEP tune from Professor, [Oct 2008]

Peter's Pythia Plots

February 2009 @ P. Z. Skands « 129: Pro-Q20: Tune of the Q2-ordered showers and old UE framework made with

Professor, an automated tuning tool. [Feb 2009]

Navigate these pages by using the menu to the left. More plots will be added, as new tunes
become available, and as the available data increases. The default for each topic is a
comparison of a small number of tunes to available data (or just to each other if no data exists),
but look for links at the top of each page for comparisons with more models

Tunes intermediate between Q2- and pT-ordered models
« 201: A-PT: Retune of Tune A with pT-ordered final-state showers. [Mar 2007]
« 211: A-PT-Pro: Tune A-PT with LEP tune from Professor. [Oct 2008]
« 221: Perugia A-PT: "Perugia” update of A-PT-Pro. [Feb 2009]

Apr 2009: Full descriptions and parameters of the "Perugia” tunes (submitted to the Perugia
MPI workshop proceedings)
Dec 2007: Some interesting min-bias distributions for early LHC runs (submitted to the 2007 Les

Houches workshop proceedings) « 226: Perugia A6-PT: "Perugia” update of A-PT-Pro, using CTEQ6L1 PDFs, [Feb 2009]

Tunes using pT-ordered model

« 300: SO: First Sandhoff-Skands Tune of the "new" UE and shower framework, with a
smoother matter profile than Tune A, 2 GeV of primordial kT, and "colour annealing" color
reconnections. Uses the default Pythia energy scaling rather than that of Tune A, [Apr
2006]

The tunes currently available on the plots are (numbered as in PYTUNE):
» 100: A: Rick Field's Tune A to Tevatron Underlying-Event Data. Uses the "old" UE and

shower models, with a double-gaussian matter profile, 1 GeV of primordial kT, and
near-maximal color correlations. [Oct 2002]

« 303: SOA: A variant of SO which is identical to SO at the Tevatron, but which uses the Tune
A energy scaling of the UE activity. [Apr 2006)

103: DW: Rick Field's Tune DW to Tevatron Underlying-Event and Drell-Yan Data. Similar
to Tune A, but has 2 GeV of primordial kT and uses a very small renormalization scale for
initial-state radiation (i.e., more ISR radiation). It also has completely maximal color
gorrelations, TApr 20061

« 304: NOCR: Sandhoff-Skands "best try" without color reconnections. Gives less good
agreement with Tevatron data. [Apr 2006]

* 306: ATLAS-CSC: first ATLAS tune of the pT-ordered showers and new UE framework.
Does not give very good agreement with Tevatron min-bias quantities

104: DWT: Variant of DW using the Pythia 6.2 default collider energy scaling (has worse
agreement with Tevatron energy scaling quantities than DW). [Apr 2008]

106: ATLAS-DC2 ("Rome"): first ATLAS tune of the Q2-ordered showers and old UE
framework. Does not give very good agreement with Tevatron min-bias quantities.

« 313: S0A-Pro: A variant of SOA revamped with a comprehensive retune of the
fragmentation parameters to LEP data (by the "Professor” tool, hence the name). [Oct
2008]

» 314: NOCR-Pro: NOCR with LEP tune from Professor. [Oct 2008]

107: A-CR; variant of Tune A using the Pythia 6.2 default color connections but with the
new "color annealing” color reconnection model applied as an afterburner. Is intended as
an example of strong color reconnections. [Mar 2007]

108: D6: Rick Field's Tune D6 to Tevatron data, using CTEQ6L1 PDFs.
110: A-Pro: Tune A with LEP tune from Professor. [Oct 2008]

« 320: Perugia 0: "Perugia" update of S0-Pro. [Feb 2009]

» 321: Perugia HARD: Systematically "hard" variant of Perugia 0. [Feb 2009]
« 322: Perugia SOFT: Systematically "soft" variant of Perugia 0. [Feb 2009]

113: DW-Pro: Tune DW with LEP tune from Professor. [Oct 2008] » 323: Perugia 3: Variant of Perugia 0 with different ISR/MPI balance and different collider

energy scaling. [Feb 2009)
« 324: Perugia NOCR: "Perugia" update of NOCR-Pro. [Feb 2009]

114: DWT-Pro: Tune DWT with LEP tune from Professor. [Oct 2008]
116: ATLAS-DC2-Pro: ATLAS-DC2 with LEP tune from Professor. [Oct 2008]

« 325: Perugia X: Variant of Perugia 0 using MRST LO* PDFs. [Feb 2009

« 326: Perugia 6: Variant of Perugia 0 using CTEQ6L1 PDFs. [Feb 2009)]

—
* 329 Pro-pTO: Tune of the pT-ordered showers and new UE framework made with
Professor, an automated tuning tool. [Feb 2009]
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Parameter Iype l SOA-Pro P-0  P-HARD P-SOFI P-3  P-NOCR P-X P-6
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ongitudinal Scaling

tr 62.4 and 200 GeV data together with
NA49 from 17.2 GeV (pi,p) allows to explore
the idea of longitudinal scaling y'=y-y,..m

B Positives 200 GeV

[J Positives 62.4 GeV
+ Positives 17.2 GeV
i ® Negatives 200 GeV
L O Negatives 62.4 GeV

9
i-{
A

v Negatives 17.2 GeV

e oveg:
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Another view on this

onvert Net-p to Net-baryon distribution, assuming

dAN.B_[_} i ([‘\’p—ﬁ.nu-us np + M + NA

dy dy Np + C1NA

NA49 has very precise Net-proton distribution vs
y xfF.

Assume dn/dx is same at higher enegies.Convert dn/dx —
at 62 and 200 to dn/dy *“f o Transformed from 17 GeV 200 GeV

Compare to BRAHMS Data.

The re is no indication of change in net-baryoan
distributions

in p+p p o 200 GeV (junctions,...)

c
o
>
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" Pythia Summary

unes commonly used to describe Tevatron and by now mid-
rapidity 200 GeV data have been investigated. Note that these
~data are min bias, and not underlying event (UE) data.

No tunes describes the dn/dy and pt-spectra of pi,K, and proton,
p-bar

The tunes related to ‘best’ CDF-RHIC does a fair job on the
pion, and kaon (flavour separation) and pt dep at 200 GeV.

The energy dependence down to 62.4 fails to describe the pion,
kaon yield (too weak dependence)

Some tunes clearly gives a too small pion yield at 200. tunes
derived from CDF A in general does better

ALL tunes fails badly in describing dn/dy for net protons, or
alternative dN/dx. Such information has generally not been part
of considering min bias events.
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Comments on pQCD

* [here has always been doubts to what degree
PQCD can describe forward rapidities at lower
energies (ISR,RHIC)

200 GeV seems well with flavor separation, with
new DSS FF for & and K.

The 62.4 GeV, magnitude of pion and Kaon
production for the favored (", and K+) also
seems ok. The expected difference due to
valence quark dominance i.e. difference between
n*, == and K+/K- is not observed. Failure in
description of Dp(Z) at large z for DSS
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4pi yields

HMS 200 GeV data allows :
extrapolate to 4pi yields > 4l _-ZZ=-°
Uming Gaussian S - -
listributions. S E
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